Fractional exhaled nitric oxide and forced expiratory flow between 25% and 75% of vital capacity in children with controlled asthma Purpose: Fractional exhaled nitric oxide (FeNO) and forced expiratory flow between 25% and 75% of vital capacity ) are not included in routine monitoring of asthma control. We observed changes in FeNO level and FEF 25-75 after FeNO-based treatment with inhaled corticosteroid (ICS) in children with controlled asthma (CA). Methods: We recruited 148 children with asthma (age, 8 to 16 years) who had maintained asthma control and normal forced expiratory volume in the first second (FEV 1 ) without control medication for ≥3 months. Patients with FeNO levels >25 ppb were allocated to the ICStreated (FeNO-based management) or untreated group (guideline-based management). Changes in spirometric values and FeNO levels from baseline were evaluated after 6 weeks. Results: Ninety-three patients had FeNO levels >25 ppb. These patients had lower FEF 25-75 % predicted values than those with FeNO levels ≤25 ppb (P<0.01). After 6 weeks, the geometric mean (GM) FeNO level in the ICS-treated group was 45% lower than the baseline value, and the mean percent increase in FEF 25-75 was 18.7% which was greater than that in other spirometric values. There was a negative correlation between percent changes in FEF P=0.001). In contrast, the GM FeNO and spirometric values were not significantly different from the baseline values in the untreated group. Conclusion: The anti-inflammatory treatment simultaneously improved the FeNO levels and FEF in CA patients when their FeNO levels were >25 ppb.
symptomatic patients are usually considered to have controlled asthma (CA) even if they have subclinical airway inflammation. Measures of airway inflammation are thus required to identify patients with silent airway inflammation which does not manifest itself as symptoms or impaired lung function. In addition, measurement should be easy to perform, reproducible, and associated with a high degree of acceptance by patients. In this regard, the advent of FeNO measurements represents a significant advance in monitoring airway inflammation of asthmatic patients. High FeNO values above certain cut-point may indicate active eosinophilic airway inflammation and the likelihood of deterioration in asthma control 3) . FeNO measurements have also shown potential utility in guiding anti-inflammatory therapy in asthmatic patients [4] [5] [6] . However, the clinical value of FeNO measurements is questioned because FeNO levels are increased in asthma even in mild and asymptomatic conditions 7, 8) . Current guidelines for asthma management recommended forced expiratory volume in the first second (FEV 1 ) as a principle spirometric parameter to assess airflow limitation 9, 10) . However, asthmatic subjects have air trapping in the presence of normal FEV 1 11) . Air trapping in asthmatic subjects has been demonstrated to be better correlated with forced expiratory flow between 25% and 75% of vital capacity (FEF ) than FEV 1 12) . In fact, impaired FEF is one of the most common abnormalities in pulmonary function in cross-sectional studies in asymptomatic patients 13, 14) . It remains unclear whether high FeNO or impaired FEF implies the need for anti-inflammatory treatment in asymptomatic or minimally symptomatic patients. Therefore, it is required to observe improvement of these parameters in these patients after therapeutic intervention. In this study, to demonstrate concurrent improvement of FeNO and FEF , we observed the changes of FeNO and FEF after FeNO-based treatment with inhaled corticosteroid (ICS) in children who maintain asthma control and normal FEV 1 without controller medication.
Materials and methods

Patients
We recruited 153 patients 8 to 16 years of age with CA (asthma control test [ACT] or childhood asthma control test [C-ACT] score≥ 20) who were attending a specialist clinic at Chungbuk National University Hospital, Cheongju, Korea, between May and July, 2010. Each patient had maintained asthma control and normal FEV 1 (≥80% predicted) without controller medication for 3 months or more. All of these patients were found to be sensitized to aeroallergens and previously diagnosed to have asthma based on the documentation of airway hyperresponsiveness (methacholine PC 20 ≤8 mg/mL) and/or reversible airflow obstruction (≥12% improvement in FEV 1 in response to inhaled β 2 -agonist). We excluded patients who had significant pulmonary disease other than asthma or a history of gastroesophageal reflux. Thirty one non-atopic healthy controls selected after the school medical examinations as well as 20 atopic children with uncontrolled asthma (ACT or C-ACT score<20) were also recruited for spirometry and FeNO measurement. Data from both groups of children were compared with those from patients with CA. Children with uncontrolled asthma included patients referred for the first time and regularly followed-up patients with recent aggravation of asthma. All of these patients were also not receiving a regular treatment with controller medications for 3 months or more before evaluation of FeNO and lung function. The Ethics Committee of Chungbuk National University Hospital Institutional Review Board approved the study (2010-12-078), and written informed consent was obtained from the parents of all subjects.
Study design
Trial profile is outlined in Fig. 1 . After recruitment, patients with CA underwent a 2 week run-in period during which they did not receive any clinical intervention. For baseline measurements, ACT or C-ACT scores, FeNO, and spirometric values were recorded. Patients with FeNO level greater than 25 ppb were randomly allocated to one of two groups. Randomization was done by an independent individual with the method of minimization 15) and was stratified by baseline FeNO. In the treated group (FeNO-based management), participants were assigned to once daily treatment with 400 µg budesonide (Obucort, Korea Otsuka Pharm, Seoul, Korea). In the untreated group (guideline-based management), participants did not receive any medication. In a treated group, adherence with treatment was assessed by asking children to return used inhalers. FeNO levels, spirometric values, and ACT or C-ACT scores of all participants were recorded 6 weeks later. FeNO levels and spirometric values were measured by skilled technicians who were unaware of the patients' randomization status.
ACT and C-ACT
We used the Korean version of the ACT or C-ACT questionnaire. The ACT survey is a patient-completed questionnaire with 5 items. Each item includes 5 response options corresponding to a 5-point Likert-type rating scale (total score range, 5 to 25). The C-ACT completed by children and their parents was scored as the sum of the response codes for the 7 items. The child selects a sad to smiling face with a score from 0 to 3, on their own or with caregiver's guidance, in response to four questions of the intrusiveness of their asthma symptoms. Caregivers respond to three additional questions of the child's condition. These three questions are scored on a 5-point Likert-type rating (total score range, 0 to 27). Children and parents were encouraged to discuss their problem or doubts in completing the questionnaire. A score of 20 or more in ACT or C-ACT was considered to indicate adequately CA.
FeNO measurement
FeNO was measured during scheduled study visits by chemoluminescence using an online nitric oxide monitor (NIOX MINO, Aerocrine AB, Solna, Sweden), according to the American Thoracic Society/European Respiratory Society (ATS/ERS) guidelines 16) . The expiratory flow rate was 50 mL/sec. Exhalation times were 10 seconds with a 2-minute analysis period. Children were required to have repeated measurements (two values that agree within 5% or 3 that agree within 10%) for acceptability. Measurements were made before the performance of spirometry.
Spirometry
Lung function tests were performed with spirometer (Vmax, SensorMedics, Yorba Linda, CA, USA) in accordance with ATS/ ERS recommendations 17, 18) . The following variables were obtained from the best of 3 reproducible forced expiratory maneuvers: forced vital capacity (FVC), FEV 1 , FEF , and FEV 1 /FVC ratio. Percent predicted values were calculated based on Third National Health and Nutrition Examination Survey 19) .
Statistical analysis
Data were presented as mean (95% confidence interval). FeNO was log transformed, to assume a normal distribution, and expressed as a geometric mean (GM). Baseline characteristics of high FeNO groups with CA were compared with low FeNO groups with CA, healthy control subjects, and subjects with uncontrolled asthma by using χ 2 , Mann-Whitney, or t-tests, as appropriate. Differences in paired data were tested with the paired t-test. Correlation coefficients between changes from baseline in FeNO and spriometric values were determined by using Pearson's correlation test. A P value of <0.05 was considered significant. Statistical analyses were performed using the commercially available SPSS ver. 14.0 (SPSS Inc., Chicago, IL, USA).
Results
Of 153 patients with CA, 5 patients withdrew during a run-in period. Thus, FeNO was measured after a run-in period in 148 patients, 93 of them (63%) had FeNO values greater than 25 ppb. Characteristics of patients with CA who had high (>25 ppb) or low (≤25 ppb) FeNO values, patients with uncontrolled asthma, and healthy control patients are described in Table 1 . There was no difference in age, sex, exposure to parental smoking, and body mass index between groups. FVC, FEV 1 , and FEF in patients with CA and high FeNO were lower than in healthy controls, whereas FEV 1 /FVC was comparable between two groups. All spirometric values except FVC were higher in patients with CA and high FeNO than patients with uncontrolled asthma. Among patients with CA, C-ACT/ACT scores and spirometric values in the high FeNO group were not significantly different from those in the low FeNO group except for FEF , which was lower in the high FeNO group. C-ACT/ACT scores were significantly higher in patients with CA than those in patients with uncontrolled asthma. GM FeNO in patients with CA and high FeNO was significantly higher than in healthy controls or patients with CA and low FeNO. In contrast, there was no difference in GM FeNO between patients with CA and high FeNO and patients with uncontrolled asthma.
Of 93 patients with CA and high FeNO, 46 patients were allocated run-in Fig. 1 . Trial profile. FeNO, fractional exhaled nitric oxide; ICS, inhaled corticosteroid.
to the treated group and 47 to the untreated groups. Two patients withdrew from the treated group because of poor compliance (Fig.  1 ). In the untreated group, 1 patient withdrew because of poorly CA and a further 3 patients withdrew because of nonattendance at a scheduled visit. In the end, 44 patients in the treated group and 43 patients in the untreated group completed the study. Both groups were matched at baseline for demographic and clinical features ( Table  2 ). In addition, there was no significant difference at baseline in GM FeNO and spirometric values between two groups. The changes in ACT/C-ACT scores were not observed after 6 weeks in both groups (Table 3) . However, GM FeNO in the treated group was significantly lower compared with a baseline value after 6 weeks. In addition, FEV 1 , FEV 1 /FVC, and FEF in this group were significantly increased from baseline. In contrast, GM FeNO and spirometric values at week 6 in the untreated group were not significantly different from baseline values. With the exception of FVC, the absolute and percent changes of GM FeNO and spirometric values were greater in the treated group compared with the untreated group (Table 4 ). In the treated group, the mean absolute increase in FEF (ΔFEF ) was much greater than that of FEV 1 (ΔFEV 1 ). In addition, mean percent changes in FeNO and FEF were more prominent than those in FEV 1 and FEV 1 /FVC. Although spirometric values were not negatively correlated with FeNO levels in our study population, there were negative correlations between the percent changes in FeNO and spirometric values except for FVC ( Table 5 ). The strongest relationship was observed between the percent changes in FeNO and FEF .
Discussion
We focused on patients requiring no controller medication to maintain asthma control. As determined in previous studies 20, 21) , ACT or C-ACT scores of 20 or more in these patients indicate good asthma control of symptoms. In addition, FEV 1 greater than 80% of predicted implies low possibility of airflow limitation in this group of patients. However, monitoring of asthma control based on symptoms and normal FEV 1 might result in under-treatment because persistent airway inflammation does not necessarily manifest itself as symptoms or lung malfunction 2, 22) . FeNO measurements for monitoring of silent airway inflammation were thus required and might potentially allow for better targeting and monitoring of anti-inflammatory treatment 23) . Previous studies regarding asymptomatic subjects who had well-documented atopic asthma in the past showed that levels of FeNO in these patients were elevated and even similar to those found in subjects with current asthma 24, 25) . We also found that a substantial proportion of patients with CA had comparable levels of FeNO to patients with uncontrolled asthma. These findings may suggest active eosinophilic airway inflammation and the likelihood of deterioration in asthma control even if the patient is asymptomatic 26) . Persisting abnormal lung function in asymptomatic patients with asthma has been reported in previous studies 13, 14) , implying a weak relationship between symptoms and lung function. In our study, all spirometry values of patients with CA were greater than 80% of predicted and significantly higher than those in patients with uncontrolled asthma. However, lung function of these patients seemed to be impaired because spirometric values in these patients were lower than those in normal healthy controls. The increase of spirometric values after treatment with ICS strengthens the evidence base for the abnormal lung function in these patients. In addition, the ICSinduced changes in FeNO were found to be correlated with those in spirometric values. These findings suggest that the improvement of airflow limitation may result from the reduction of airway inflammation.
In this current study, a difference in FEF between patients with CA and normal control subjects was more prominent than other spirometric values. Among patients with CA, FEF was an only spirometric value which was significantly lower in a high FeNO group than in a low FeNO group. Furthermore, the percent changes of FEF were more prominent after ICS treatment compared with those in other spirometry values. Therefore, FEF appears to be more sensitive in detecting a ventilation defect of patients with CA than other spirometric values which were minimally impaired in , forced expiratory flow between 25% and 75% of vital capacity. , forced expiratory flow between 25% and 75% of vital capacity. , rather than a snapshot measurement, may be more useful in monitoring asthma control and may play a role in the early detection of asthma progression. In addition, concurrent improvement of FEF and FeNO by anti-inflammatory treatment raises the possibility of subclinical airway inflammation in patients with CA. Because previous clinical trials reported only equivocal benefits of adding measurements of FeNO to usual clinical guideline management, it has not been determined that FeNO-based management is beneficial in routine clinical practice [4] [5] [6] 27) . Our data raise a possibility that FeNO measurement may be useful for the early detection of a progressive illness at a time point when interventions would be likely to change its natural history. However, we were not able to determine whether the improvement of FeNO or FEF predicted the future clinical course, since the effect of intervention may occur over a longer time course. Therefore, future longitudinal studies should assess the possible benefits of FeNO-based anti-inflammatory treatment during the asymptomatic phase.
The weakness of this study is that FeNO cut point of 25 ppb might lead to inclusion of patients who did not have substantial airway inflammation because a number of nonasthmatic factors may occasionally give rise to increased FeNO levels even in healthy individuals 28, 29) . We chose this cut point on the basis of an earlier work identifying it as an indicator for the presence of a raised sputum eosinophil count 30) , a measure that has been shown to be useful in monitoring asthma 31) . In addition, this cut point was reported to be higher than those in healthy children 32) and also definitely higher than that in our nonatopic nonasthmatic control group. Thus, our cut point is thought to be optimal for selecting patients with relatively higher probability of airway inflammation. Another weakness of this study is that we did not evaluate the influence of allergic rhinitis. Contamination of the exhaled air by NO-rich air from the nasal cavity is unlikely, as the soft palate elevates when expiration is performed against a resistance 33, 34) . This suggests that high FeNO in patients with allergic rhinitis results from an increased production of NO in the lower airways. Thus, it is certainly plausible that the influence of rhinitis on the FeNO levels may be limited.
In summary, we showed that high FeNO as well as low FEF were detected in a substantial proportion of patients who maintain asthma control and normal FEV 1 without controller medication. FeNO-based anti-inflammatory treatment in these patients resulted in concurrent improvement of FeNO and FEF . Thus, combined measurements of FeNO and FEF may be useful for the early detection of a progressive illness requiring anti-inflammatory treatment.
